The means by which many herbicides kill susceptible plants are presently unknown (1, 3). Although it is not essential to know the mode of action in order to develop and use a herbicide efficiently, the screening processes by which herbicides are discovered are based upon comparative biochemistry. Se 
screening processes by which herbicides are discovered are based upon comparative biochemistry. Selective herbicides with low nmammalian toxicity (2) must take advantage of differences in metabolism between plants and animals, and between plant species, just as therapeutically effective antibiotics take advantage of differences betweeni bacterial and mammalian biochemistry. Knowledge of herbicide effects may prove useful for other areas within plant physiology.
A screening technique has been used in the present study to determine the effect of various herbicides on the incorporation of leucine into protein. The results show differences between those herbicides which, more or less directly, inhibit protein synthesis, and those which act uponl quite unrelated pathways. This approach is designed to indicate the areas that should be studied more intensively for each herbicide.
Methods and Materials
The general technique has been reported previously (4) . In brief, seedlings of Betzes barley and of Sesbania exaltata were growni in the dark for 3 to 4 days. Ten 1-cm segments of barley coleoptile (with primary leaf iliside) or of Sesbania hvpocotyls wvere preincubated for 1 hour in darkness in 1 % sucrose containing 2 and 5 ppm concentrations of each herbicide ( Various herbicides were tested for their effects upon uptake of a-aniino-n-butyric acid (table IV) . Inhibition of uptake due to CIPC, CDAA, and endothal (with Sesbania) was much less than the inhibition of amino acid incorporation caused by these compounds. On the other hand, ioxynil and PCP inhibited both amino acid uptake and amino acid incorporation.
Since the assay with at-amino-n-butyric acid measured the abilitv of tissue both to concentrate this amino acid from a dilute solution, and to retain the amino acid during a 15-minute wash in distilled water, the leaching rate was studied separately. Sesbainia stem segments were incubated with a-amino-n-butyric acid-3-C14 for 1 hour in the presence and in the absence of 2 X 10-6 M ioxynil. Tf active uptake of the C14-labeled leucine is blocked. clearly its incorporation into protein will be greatly reduced. In preliminiary experiments, the effect of CIPC upon both leucine uptake and incorporatioln was determined. Numerically similar inhibitions were found, but since onlv 20 % of the leucine absorbed was used for protein synthesis, percentages of inhibition varied. The uptake date reported here were obtained with a-amino-ni-butyric acid, a svnithetic compound that is actively and rapidly concenitrated bv these tissues but is not uitilized for protein synthesis (5).
Joxynil and PCP prevented uptake of a-amino-nbutyric acid. Several of the herbicides tested (table   IT) Since it is impossible to discuss here each herbicide tested, this discussion will be restricted to those compounds which had important effects upon amino acid uptake or protein synthesis.
CIPC is representative of a small class of economically important herbicides. These have been studied more intensively in an earlier publication (4). It should be noted that these herbicides inhibited not only protein synthesis, but also synthesis of a polymer tentatively identified as lignin. In unpublished experiments we have noted that carbamate herbicides inhibit the incorporation of orotic acid-6-C14 into RNA. In contrast to all but one of the other herbicides tested, CIPC did not inhibit uptake of a-aminon-butyric acid.
CDAA is a subsituted acetamide herbicide. Inhibition of protein synthesis by this compound is probably due to a more fundamental action, since even uptake of amino acid was somewhat inhibited.
Endothal is unlike any other currently used herbicide. Only On the other hand, several herbicides prevented active uptake of an amino acid. This may be physiologically significant, since cells of an intact plant must l-e capable of concentrating their required nutrients from rather dilute phloem and xylem contents. However, our data suggest that effects on the energy balance should be investigated.
Summary
The effect of herbicides upon protein synthesis and amino acid uptake, in segments of barley and
Sesbaniia seedlings, has been tested. Of 23 herbicides used, 5 depressed protein synthesis from leucine-1-C'4. In 2 cases (pentachloropheniol and 3.5-diiodo-4-hydroxybenzonitrile), uptake of cx-amino-n-butyric acid was inhibited. But amino acid incorporation, in addition to uptake, was inhibited by isopropyl-N-(3-chlorophenyl) -carbamate (CIPC), 2-chloro-N,Ndiallylacetamide (CDAA), and disodium 3.6-endoxohexahydrophthalate (endothal).
